Early-life socio-environmental factors are crucial for normal developmental processes; adverse experiences early in life can therefore lead to detrimental effects in several physiological systems. The aim of this study was to examine short-term effects of early adverse experiences in a maternal separation (MS) rodent model. In this study two separation conditions were used: daily 15-(MS15) or 360-min (MS360) separation of the litter from the dam during postnatal day 1-21. In early adolescence, male and female offspring were subjected to a single-isolation procedure with analysis of corticosterone levels prior to and after isolation. In addition, social play behavior was assessed during mid-adolescence. There was a clear difference between male and female offspring in both tests performed. There was no difference in corticosterone levels between the female MS groups, whereas MS360 males showed higher baseline and recovery corticosterone levels than MS15 males. The amount of pinning, a specific social play behavior, was affected by rearing with MS360 males having a higher frequency than MS15 males, while there was no difference between the female MS groups. The observation that males but not females are affected by MS360 has previously been reported for adult animals, and herein we show that this difference is present already in adolescence. Changes in corticosterone levels and social behavior following early-life adversity have been associated with adult behavioral alterations, and our results confirm that these changes emerge already within adolescence.
Introduction
Environmental factors are a major influence during early-life development. Adverse experiences early in life have in humans been linked to increased risk for cardiovascular, metabolic and psychiatric disorders (Ehlert, 2013; Heim et al., 2008; Pryce et al., 2002) . Such a diverse risk profile indicates that adverse experiences have a long-term, multi-system impact on the individual. It is thought that these consequences are, at least in part, due to alterations in the response to stress. Earlylife stress can have an imprinting function on the developing individual and thereby impose long-term effects on neuroendocrine responses (Brown and Spencer, 2013; Teicher et al., 2003 Teicher et al., , 2006 . Dysregulation of the hypothalamus-pituitary-adrenal (HPA) axis with either elevated or blunted release of glucocorticoids have been associated with a plethora of different disorders ranging from mood disorders to metabolic and inflammatory conditions (Heim et al., 2008; Tsigos and Chrousos, 2002) . To elucidate the causal impact of early-life experiences, animal models are frequently used Pryce et al., 2002; Pryce and Feldon, 2003; Teicher et al., 2006) .
Studies in the 1950′s established a connection between early handling of rat pups in the pre-or post-weaning period and positive physiological and behavioral effects later in life (Levine et al., 1957; Weininger, 1954) , and these results have evolved into the maternal separation (MS) paradigm. MS encompasses manipulation of the early-life environment and is used to study short-and long-term effects of rearing conditions on neurobiology, physiology and behavior (Lehmann and Feldon, 2000; Nylander and Roman, 2012; Pryce et al., 2002) . Common protocols usually include two MS conditions: daily short MS (typically 15 min) and prolonged MS (180-360 min) during the first 2-3 weeks of life. Short MS simulates naturalistic conditions while prolonged MS is considered as a risk environment (Lehmann and Feldon, 2000; Macrì and Würbel, 2006; Nylander and Roman, 2013) .
It has not been established in detail how MS exerts its effect on the offspring. One prevailing theory is that the separation itself affects the pup, whereas another suggests that the separation alters the dam's behavior towards the pups (Lehmann and Feldon, 2000; Nylander and Roman, 2012; Pryce and Feldon, 2003) . During the first two postnatal weeks, rat pups show a reduced capacity to respond with increased corticosterone levels to acute stressors, and this period is referred to as the stress hyporesponsive period (SHRP) (Lai and Huang, 2011; Levine, 2002) . The first MS theory proposes that prolonged MS is a stressor of such magnitude that it, despite the SHRP, leads to an increase in corticosterone (Brown and Spencer, 2013; de Kloet et al., 2005; Pryce et al., 2002) . The second theory is supported by the fact that adequate maternal behavior is necessary to sustain the SHRP (Lai and Huang, 2011) and that the dam is an important regulator of the development of the HPA axis in the offspring (Levine, 2001 ). It is proposed that different MS conditions alter the dam's care-giving behavior, but experimental findings are inconclusive (Macrì and Würbel, 2006; Pryce and Feldon, 2003; .
The rationale for the present study is based on the limited information about MS-induced effects on adolescent physiology and behavior, and potential differences between males and females. It is well established that the interaction between dam and pup influences the development of social behaviors in the pup (Lucion and Bortolini, 2014) . Animals subjected to short and prolonged MS display differences in the oxytocin and endogenous opioid systems (Gustafsson et al., , 2008 Oreland et al., 2010) ; two of the neurobiological systems regulating the development and expression of social behaviors (Nelson and Panksepp, 1998) . Adolescent social play behavior (SPB) is both rewarding and essential for normal development of the animal (Panksepp et al., 1984; Trezza et al., 2010) . A play bout is initiated by a behavior called a pounce, which is usually followed by the characteristic pinning (Auger and Olesen, 2009; Trezza et al., 2010) . Differences in the response pattern following a pounce have been observed early post-weaning in male but not female animals subjected to short and prolonged MS compared to standard rearing (Arnold and Siviy, 2002) . However, SPB peaks at postnatal day (PND) 28/30-40 (Burke and Miczek, 2014; Pellis et al., 1997) , and at this age male animals subjected to prolonged MS display enhanced SPB in a resident/intruder paradigm compared to standard rearing (Veenema and Neumann, 2009) . Still, it is not known if MS-induced effects during the peak of SPB differ between males and females. Additionally, previous studies have repeatedly, and notably, shown that males seem to be more susceptible to the effects of prolonged MS than females, which show less pronounced or no difference between rearing conditions (Dimatelis et al., 2015; Gustafsson et al., 2005; Roman et al., 2004 . However, most studies have focused on adult animals and data are scarce on whether these sex-dependent differences are present already during adolescence.
When conducting animal experiments the choice of animal strain and supplier is of great importance as this can introduce confounding factors, potentially of profound relevance (Wood et al., 2016) . Previous studies have shown differences in behavior and neurobiology between adult male rats of the Wistar strain from different suppliers (Goepfrich et al., 2013; Momeni et al., 2015; Palm et al., 2011a Palm et al., , 2011b Palm et al., , 2012 . The Wistar strain can be divided into two different backgrounds, the Wistar Institute and the Hannover lineages (Wood et al., 2016) , and the largest differences have been seen between animals from suppliers with different background while animals of the same background are more similar (Momeni et al., 2015; Palm et al., 2011a Palm et al., , 2011b Palm et al., , 2012 Wood et al., 2016) . However, it is not known if this pattern is the same for adolescent animals nor for females.
The aim of this study is to compare the influence of short and prolonged MS on adolescent HPA reactivity and SPB in male and female rats with wide genetic background from two suppliers of the same Wistar lineage. The aim was also to investigate how the different rearing conditions affect maternal behavior at reunion and corticosterone levels in the dams prior to initiation of and after termination of MS.
Materials and methods
An overview of the experimental procedure is shown in Fig. 1. 
Animals, housing and ethical statement
Pregnant Wistar rats of the Hannover background from two different suppliers (RccHan:WI, Harlan Laboratories B.V., Horst, the Netherlands and HanTac:WI, Taconic Biosciences, Inc., Ejby, Denmark) arrived at the animal facility on gestational day 14-16. The dams were single-housed in standard cages type IV (59 cm × 38 cm × 20 cm) with pellet food (type R36; Lantmännen, Kimstad, Sweden) and tap water ad libitum. The cages contained wood-chip bedding and two paper sheets (40 × 60 cm; Cellstoff, Papyrus), and were kept in constant temperature (22 ± 1°C) and humidity (50 ± 10%) on a normal 12 h light/dark cycle separated by a 30 min dawn/dusk shift with lights on at 07:00 in a room used for this experiment only.
The animal experimental protocol was approved by the Uppsala Animal Ethical Committee and was consistent with the Swedish Legislation on Animal Experimentation (Animal Welfare Act SFS1998:56) and the European Union Directive on the Protection of Animals Used for Scientific Purposes (2010/63/EU).
Rearing conditions and adolescent housing
Two rearing conditions were used: daily separation for 360 min constituted the adverse environment and litters handled equally but only separated for a short period of time (15 min) were used as control group. Short separation was used as control to ensure similar handling of litters and that any detected differences would be due to difference in duration of separation only.
Litters born on the same day (PND 0) were sexed and cross-fostered, within the same supplier, to include five males and five females per litter. The litters were randomly assigned with respect to supplier to one of the two rearing conditions: daily 15 min maternal separation (MS15, n = 4 litters, two from each supplier) or daily 360 min maternal separation (MS360, n = 4 litters, two from each supplier).
MS was performed on PNDs 1-21. Separations were carried out during the light period with MS15 starting at 09:00 and MS360 starting at 09:35. The dam was first removed from the home cage and placed in a cage type II (22 cm × 16 cm × 14 cm), thereafter the pups were placed together in a cage type II with wood-chip bedding and placed in an adjacent room in a heating cabinet (30 ± 0.5°C, 52 ± 4% humidity) to avoid hypothermia. The MS360 dams were returned to their home cages during the separation while MS15 dams remained in the small holding cage during the separation. When reunited the MS360 dams were once again removed from the home cage, the pups were returned to the empty home cage and placed together in the nest, thereafter the dam was returned. The litters were weighed before separation on PNDs 1, 4, 7, 10, 14, 17, and 20. Cages were changed on PNDs 7 and 14.
The litters were weaned on PND 22, weighed and housed in samesex and -litter groups of five in cages type IV under the same environmental conditions as previously described under 'Animals, housing and ethical statement'. Males and females (n = 20/rearing condition/ sex) were housed in the same room and all pups were marked by ear punching for identification purposes.
Maternal behavior and blood sampling
The maternal behavior was scored by direct observation of the cages at reunion of the dam and litter on PNDs 2-3 and 5-6. The dams' behavior was manually scored in periods of 1 min at five time points after reunion: directly after reunion, and 5, 10, 15 and 20 min after reunion. Thus, each dam was observed for 5 min per day leading to a total observation time of 20 min over the four days.
A method with minimal disturbance was chosen, i.e. no touching or moving of home cages during the observations, and the use of nesting material forced exclusion of some behavioral observations, e.g. different nursing postures. The maternal behaviors scored were carrying, licking/ grooming and nursing, as well as non-pup interaction, eating/drinking and nest building; for description of the behaviors see Table 1 . Only the frequency of the behaviors was scored. The same experimenter performed the scoring for all observations.
The basal level of corticosterone was assessed in the dams in late gestation (gestational day 18-20) and at weaning (PND 22) . The first blood sample was collected from a hind paw vein (CapiJect T-M 500 μl, Terumo medical corp.) while the second sample was trunk blood collected at decapitation (centrifuge tubes 15 ml, VWR International). Both samples were collected during the light phase, the first sample in the morning and the second in the afternoon. Samples were handled as described under 'Corticosterone radioimmunoassay'.
Adolescent HPA reactivity
The baseline and isolation-induced levels of corticosterone was assessed in MS15 and MS360 offspring (n = 20/rearing condition/sex) at PND 25/26 using a 30 min isolation procedure, which has been shown to be a mild stressor for adolescent animals (Granholm et al., 2015) . Each animal was isolated for 30 min in cages type II and blood samples were collected immediately before and after isolation, and 120 min post isolation. Samples were collected from a tail cut (Microvette 100 μl, Sarstedt AG & Co) and handled as described under 'Corticosterone radioimmunoassay'. All samples were collected during the light phase with baseline samples collected between 09:00-09:25 for females and 10:15-10:40 for males.
Isolation and sampling was carried out in a room adjacent to the animal room under the same environmental conditions. During the recovery period between samples two and three, the animal was returned to the home cage in the animal room. The body weights of the animals were recorded after the last blood sample.
Social play behavior
The SPB in MS15 and MS360 offspring (n = 20/rearing condition/ sex) was assessed at PND 34 ± 1. Testing was carried out in an acrylic glass box (50 cm × 50 cm × 25 cm) with approximately 2 cm of wood-chip bedding on the floor. The arena was illuminated from above to a level of approximately 10 lx. All elements of the SPB test were performed during the light phase. The animals were habituated to the play arena to minimize the effect of environmental novelty during the play session (Vanderschuren et al., 1995) . On two consecutive days starting 4-7 days before the play session, the animals were allowed to explore the arena together with their cage mates for 10 min each day.
For the SPB assessment, animals were paired within each treatment, supplier and sex with respect to weight so that each pair differed as little as possible in body weight (5% median body weight difference, min b1%, max 23%). Animals from the same litter were not paired, i.e. pairing was done to an unfamiliar partner. Weight matching to an unfamiliar partner minimizes the effect of social hierarchy and results in a more equal play pair (Panksepp et al., 1984) .
On the test day, the animals were isolated for 3.5 h in cages type III (42.5 cm × 26.5 cm × 15 cm) to produce a half-maximum increase in the amount of social play (Niesink and Van Ree, 1989) . During isolation, the animals remained in vocal, visual and olfactory contact to others and had access to both food and water. The animals in a pair were marked with a black, xylene-free marker pen on the tip or the base of the tail to facilitate later individual-based behavioral analysis. A test session started with placing of the play pair from their isolation cages into opposite ends of the play arena. Recording started immediately and lasted for 15 min. Between each test the wood-chip bedding was replaced and the arena was wiped off with 10% ethanol solution and allowed to air dry.
The sessions were recorded from above by a video camera and the experimenter observed the tests from a room adjacent to the testing room. EthoVision 10.0 XT (Noldus Inc., Wageningen, the Netherlands) was used for digital recording and subsequent individual-based behavioral analysis; see Table 2 for description of the behavioral parameters scored. All behavioral parameters were scored on an individual level, i.e. with respect to which animal that was instigating the behavior. One observer blinded to the rearing condition conducted the behavioral analysis.
Corticosterone radioimmunoassay
All blood samples were left in room temperature to coagulate for 20-30 min and then kept refrigerated until centrifugation. Samples were centrifuged at 3000g for 10 min at 4°C, serum was collected and stored in −80°C until further analysis.
Samples were analyzed using the commercial ImmuChem™ Double Antibody Corticosterone 125 I RIA kit for rats and mice (MP Biomedicals LLC, Orangeburg, NY, USA) in accordance with the included protocol, with the addition of one standard (12.5 ng/ml). All samples were analyzed in duplicate. According to the protocol in the RIA kit, the intraassay variation was 4.4-10.3% and the inter-assay variation 6.5-7.2%. The corticosterone antiserum showed 100% cross-reactivity with corticosterone, while cross-reactivity to other steroids was 0.34% to deoxycorticosterone, 0.10% to testosterone, 0.05% to cortisol and b0.05% to other tested steroids.
Statistical analysis
All statistical operations were carried out in R 3.1.2 (R Core Team, 2014). Parameters were examined for normality with the ShapiroWilk normality test; as the majority of parameters did not show a normal distribution, non-parametric statistics were used. Effect of sampling order in the HPA reactivity test was examined with the Kruskal-Wallis test with post hoc Mann-Whitney-Wilcoxon test when appropriate. Longitudinal data sets, body weights and corticosterone levels, were analyzed with the R package nparLD (Noguchi et al., 2012) for analysis of main effect and interaction statistics with sex and rearing condition as between-subject factors and time as within-subject factor. Group-dependent post hoc tests were performed with the Mann-WhitneyWilcoxon test and time-dependent post hoc tests were performed with the nparLD package. Data from the SPB test were analyzed with the Kruskal-Wallis test with sex and rearing as between-subject factors Table 1 Ethogram of the maternal behaviors scored (modified from (Pryce et al., 2001b) ).
Behavior Description

Carrying
The dam holds or moves one pup by a light grip with its incisors Licking/Grooming
The dam holds one pup with its fore paws and proceeds by licking it from head to anogenital region Nursing
The dam is in the nest with at least one pup suckling Dam off pups
The dam is not in contact with the pups Eating/Drinking
The dam eats food pellets or drinks from the water bottle Nest building
The dam is working on the nest, pushing or pulling on the paper sheets with post hoc Mann-Whitney-Wilcoxon test. Tests were considered significant at p b 0.05.
Results
Animals from two suppliers were used in the present study. No general supplier-dependent differences were found for any of the tests. This verifies the aim to compare sex and rearing condition in a wide genetic background without introducing additional groups.
Maternal behavior and corticosterone
Two maternal factors were examined; the maternal behavior at reunion and basal corticosterone levels at two time points. Due to the low number of samples in each group (n = 4), data are presented as group medians while Fig. 2 (behavior) and Fig. 3 (corticosterone) show individual measurements.
The result from the observation of maternal behavior in the first postnatal week is presented as the total frequency of each behavior and is shown in Fig. 2 . MS15 and MS360 dams were similar in their carrying and licking/grooming behaviors; median frequency for carrying was 4.5 and 0.5 for MS15 and MS360 dams respectively with similar distribution for both groups. Medians of licking/grooming were the same (13.0) for both groups. The frequency of nursing and dam off pups had an inverse relationship; MS360 dams had higher median of nursing than MS15 dams (22.5 and 9.5 respectively) and MS360 dams left their pups fewer times than MS15 dams (7.0 and 23.5 respectively). None of the MS360 dams performed eating/drinking or nest building while MS15 dams had a median frequency of 7.5 for eating/drinking and 12.0 for nest building, though the distribution of nest building for MS15 dams were diversified with two dams with lower frequencies (b4) and two with higher frequencies (N20).
In Fig. 3 , the results of the measurement of maternal corticosterone in late gestation and at weaning are shown. At gestational day 18-20, the median serum corticosterone levels were 105.5 and 87.6 ng/ml in dams later assigned to MS15 and MS360 respectively. At weaning, MS15 dams had a median serum corticosterone of 105.9 ng/ml while the median of MS360 dams had increased to 710.0 ng/ml.
Offspring body weight
The litters were weighed on eight occasions during the MS-phase, in addition there were two individual body weight measurements during adolescence. Due to the low number of litters in each group (n = 4), the mean pup weights during MS are presented as group medians while Fig.  4 shows the mean pup weight in each litter. The adolescent individual weight measurements (n = 20/rearing condition/sex) are presented and analyzed as group medians.
In Fig. 4 the mean pup weight development is shown. On PND 1 the mean pup weight in the MS15 and MS360 litters were similar (median 6.6 and 6.7 g respectively). As the weeks progressed, both groups increased in weight but the MS360 litters gained weight slower than the MS15 litters and at weaning the MS360 litters weighed 11.1% less than the MS15 litters (median 49.3 g and 55.5 g respectively).
For the individual body weights measured during adolescence (Fig.  5) , main effects of sex, rearing and time (p b 0.001) and sex*time and rearing*time interactions (p b 0.001 and 0.01 respectively) were found. Due to the strong effect of sex further analysis were done with the sexes separated. Both females and males showed main effects of rearing and time (p b 0.001). At the HPA reactivity testing, MS360 females weighed 11.9% less than their MS15 counterparts, and MS360 males weighed 7.3% less than MS15 males. At the SPB test, MS360 females weighed 8.7% less than MS15 females, and MS360 males weighed 6.9% less than MS15 males.
Adolescent HPA reactivity
The HPA axis reactivity was assessed in adolescence by subjecting the animals to a 30-min isolation procedure. Blood samples for serum corticosterone analysis were taken at baseline, immediately after (T0) and 120 min (T120) after isolation. The protocol included serial removal of the animals from the home cage and therefore the effect of order was examined. It showed that animals sampled last in a cage had elevated baseline levels compared to the animals sampled first (data not shown). Consequently, the animals sampled last were excluded from further analysis (16 animals). Furthermore, animals with incomplete data series (12 animals) were also excluded, leaving 52 animals in the analysis (11-16 animals/rearing condition/sex).
The results from the HPA reactivity test can be seen in Fig. 6A and B for females and males respectively. Main effects of sex and time (p b 0.001) as well as sex*rearing and sex*time interactions (p b 0.01 and 0.05, respectively) were found. Due to the strong effect of sex further analysis were done with the sexes separated. Females showed a main effect of time (p b 0.001) but no effect or interaction with rearing. Post hoc analysis showed that females had higher corticosterone levels at T0 compared to baseline; at T120, the levels were lower compared to both T0 and baseline (Fig. 6A) .
Males showed main effects of rearing and time (p b 0.01 and 0.001 respectively) but no interaction effect. At the individual time points MS360 males showed higher baseline and T120 levels of corticosterone than MS15 males, while there was no difference at T0. The time pattern for MS15 males was the same as for the females; increased levels at T0 and decreased at T120 to a level below the baseline. MS360 males also showed an increase in corticosterone at T0 and a decrease at T120 but only to a level similar to the baseline, not below (Fig. 6B) .
In summary, there was an effect of sex with females having higher corticosterone levels than males. Only males showed an effect of rearing; MS360 males had higher corticosterone levels than MS15 males at baseline and T120. Over time, all groups showed an increase in corticosterone at T0, in response to isolation, and a decrease at T120. However, in MS360 males the T120 level only returned back to baseline while in MS15 males and in the females, the T120 level decreased below that of their respective baseline level.
Social play behavior
The effect of MS15 and MS360 on SPB was assessed in mid-adolescence. The animals (n = 20/rearing condition/sex) were tested with an unfamiliar partner after a period of isolation, and the latency and frequency of pouncing and pinning were recorded. If an animal did not preform a behavior, its latency was considered as missing.
The result of the SPB test is shown in Fig. 7 . Analysis of the play behaviors showed that males had generally higher frequencies than females of both pouncing and pinning (p b 0.01 and b0.05 respectively). MS360 males had higher frequency of pinning than both MS15 males and MS360 females. The frequency of pouncing was higher in MS360 males but only compared to MS360 females (Fig. 7A ). There were no differences in latency of neither pouncing nor pinning (Fig. 7B) .
Discussion
In the present study, short and prolonged MS was used to model naturalistic versus adverse rearing conditions. A protocol with daily 15-or 360-min separations during PNDs 1-21 was used. Maternal behavior at reunion was evaluated during the first postnatal week and basal corticosterone was assessed twice, in late gestation and at weaning. Individual HPA reactivity over time, and SPB was assessed in male and female offspring during adolescence. The main findings are that adolescent female offspring do not differ in their HPA reactivity or SPB dependent on rearing condition, while males show rearing-dependent changes in baseline and recovery corticosterone levels as well as in the amount of pinning during social play.
In the HPA reactivity test, adolescent female offspring generally had higher corticosterone levels than adolescent males, which is consistent with the literature on development of the HPA axis (Patchev et al., 1999) . There was no difference among the females depending on rearing condition, while MS360 males had higher baseline and T120 levels of corticosterone than MS15 males. This finding is in line with a previous study in adolescent males comparing prolonged separation with standard rearing (Veenema and Neumann, 2009) , but contrasts with studies in adult males were no MS-induced effect on baseline corticosterone is a consistent finding (Biggio et al., 2014; Plotsky and Meaney, 1993; Pryce et al., 2001a; Roman et al., 2006) . Instead, in adult males subjected to prolonged MS the results on stress-induced corticosterone levels are contradictory. Both blunted (Roman et al., 2006) and elevated (Plotsky and Meaney, 1993 ) levels compared to short MS have been demonstrated, as well as studies reporting no effects compared to animals subjected to handling (Biggio et al., 2014) , short MS or standard rearing (Pryce et al., 2001a) .
The divergent findings here in adolescent and previously in adult male baseline corticosterone levels indicate that MS affects the development of the HPA axis. At the time of testing in this study (PND 25/26 ) the HPA axis is not fully developed (Brown and Spencer, 2013; Burke and Miczek, 2014) . The elevated baseline corticosterone levels in MS360 males could be a lingering effect of the recently terminated separations or a differentiated response to weaning and, as the adolescent brain is sensitive to the effects of stress (Eiland and Romeo, 2013) , the elevated baseline corticosterone levels can, with maturation, affect the adult HPA reactivity. The elevated T120 level of corticosterone in MS360 males might be an indicator that this process is already underway. MS15 and MS360 males reach similar corticosterone levels directly after isolation but differ after recovery, both compared to each other and with their respective baseline levels. This indicates that the negative feedback of the HPA axis in MS360 males is not functioning properly and this might be exacerbated with the continued maturation of the animals. This is in line with other studies examining the effects of MS on behavior and neurobiology in adolescent compared to adult animals. Shortly after weaning, MS360 males were less active on the open arms of the elevated plus maze compared to standard reared animals (Ploj et al., 2002) and had a pattern of endogenous opioid peptide levels that did not persist into adulthood (Gustafsson et al., 2008) . The hypothesis is that MS360 induces short-term, stress-induced changes that can be detected early in adolescence and that these changes affect the developmental trajectory of the animal and thus, with maturation, alter the adult phenotype.
In the SPB test, males had generally higher levels of pouncing and pinning than females. This is consistent with the literature, though results vary somewhat depending on the method of testing. Sex differences in SPB and the underlying reasons are thoroughly reviewed by Auger and Olesen (2009) . In the present study, there were no differences among the females depending on rearing condition while a MSdependent effect was observed among the males. The frequency of pouncing did not differ between MS360 and MS15 males. This is in agreement with a study by Arnold and Siviy (2002) , comparing the effects of short and prolonged MS on SPB shortly after weaning. This finding indicates that the rate of play initiation is not affected by rearing condition. Although, in an adolescent resident/intruder paradigm, males subjected to prolonged MS performed more pounces than standard reared males (Veenema and Neumann, 2009 ). This discrepancy is probably due to methodological differences as the behavior in the resident/intruder paradigm has more of offensive and defensive components than the equal play pair SPB paradigm used in the present study. However, there was a slight difference in the amount of pinning in the present study; MS360 males had higher frequency than MS15 males. This is in contrast to the aforementioned studies where there was no difference between animals subjected to short or prolonged separation on the probability of responding with pinning to a pounce (Arnold and Siviy, 2002) . As well as no difference in the number of performed pins but a decrease in the number of received pins among males subjected to prolonged MS compared to standard rearing (Veenema and Neumann, 2009) .
Other studies have examined the effects of variations in maternal care-giving behavior on later SPB. The two studies are however very different in execution and feature opposite results; van Hasselt et al. (2012) reported that a high amount of received licking and grooming correlated with high levels of play. In contrast, Parent and Meaney (2008) report that pups from high licking and grooming dams had lower frequency of both pouncing and pinning. In the present study, there was no difference between MS15 and MS360 groups in the amount of licking and grooming upon reunion, though there might have been an overall difference. Additionally, the increase in pinning is a contradictory result when considering that the MS360 males also had elevated corticosterone levels. Other methods that increase corticosterone levels, such as external administration of corticosterone during the neonatal period (Meaney et al., 1982) and acute stress (Vanderschuren et al., 1995) have been shown to reduce the amount of play in adolescence. What interplay with additional MS-dependent changes gave rise to the observed increase in pinning in the present study is unknown.
While there was no difference in the amount of licking/grooming upon reunion, there seemed to be an increased amount of nursing in MS360 dams compared to MS15 dams, indicating that MS360 dams were more focused on satisfying the nutritional need of the litter. On the other hand, MS15 dams were less in contact with the litter directly after reunion. This indicates that MS360 pups are affected by the separation to a higher degree than MS15 pups, as MS360 pups were subjected to more intense maternal care at reunion. This finding is in line with previous studies that have shown that prolonged MS is followed by intense maternal behavior at reunion to a degree that it compensates for the loss during separation (Pryce et al., 2001b) or even leads to a higher total score of maternal care (Biggio et al., 2014) compared to animals subjected to short MS and handling, respectively. Another study using a risk/shelter environment to study pup retrieval behavior revealed slight differences between dams subjected to prolonged MS or handling, suggesting that dams subjected to prolonged MS had a different and more rigid retrieval strategy over time compared to handled dams (Daoura et al., 2013) . Taken together, it is evident that the early environment affects the dam-pup interaction but whether it is originating from the dam, the pup or a combination thereof is still not known.
The corticosterone measurements in the dams are to be viewed as a pilot experiment. The results show that blood sampling is feasible and that MS360 dams have increased corticosterone secretion at PND 22 and probably throughout the postnatal period. This is supported by the results from Biggio et al. (2014) that showed increased corticosterone levels at weaning in dams subjected to prolonged MS compared to handling.
Earlier studies using the same MS protocol have shown inconclusive results regarding the impact of MS360 on body weight development of the offspring. Some studies show lower body weight in prolonged separated compared to short separated animals during MS and/or in adolescence (Daoura et al., 2011; Gustafsson et al., 2008) while others reveal no differences (Ploj et al., 2002; Roman et al., 2004) . In this study there are too few litters to make any certain statements regarding the mean pup weights but there is a pronounced difference in the postweaning time points where MS360 males and females weigh less than their MS15 counterparts. That both males and females differ in weight depending on rearing condition is interesting since this is the only examined parameter where an effect of rearing condition is found in females. This indicates that the effects on HPA reactivity and SPB seen in the males can not be entirely attributed to differences in body weight, since the same effects then should have been seen in the females as well.
That females are more resilient to the effects of prolonged separation have been shown previously in several studies (Dimatelis et al., 2015; Gustafsson et al., 2005; Roman et al., 2004 but the mechanism behind this is not known. Possible explanations range from sex differences in the dam-infant relationship, neuronal or endocrine development or in the neurochemical response to the separation itself, or a combination thereof.
The dams in this study were transported during gestation, and this could constitute a prenatal stressor that could influence the obtained results. However, the stressor is equal over rearing conditions and suppliers, and the stress-effect is probably less than in studies targeting prenatal stress and its effects (Arnold and Siviy, 2002) , and additionally, it is the same herein as in previous studies from our group and is considered as a controlled factor Roman, 2012, 2013) .
Whenever testing several animals within a group there is a risk for confounding factors due to order of the individual testing. Information regarding this is often incomplete or absent in publications, thus it is unclear if order has an effect on the test performance and/or if any measure has been taken to control or compensate for such an effect. We suspect that randomization of test order is considered to nullify any effect but this is seldom expressed in published articles. Pertinent to this is the effect of test order discovered in the baseline corticosterone levels in the HPA reactivity test in the present study. Cage disturbances affect the animals (Castelhano-Carlos and Baumans, 2009; Ferland and Schrader, 2011; Granholm et al., 2015) and even though we tried to minimize the time and magnitude of the disturbance the effect on basal, but not isolation-induced, corticosterone levels was apparent. We consider it a strength of the present study that test order is controlled and compensated for in a transparent manner.
Among the parameters examined herein no general supplier-dependent differences were discovered. This is in contrast to earlier studies that have examined adult individuals from Harlan and Taconic in a number of contexts (Momeni et al., 2015; Palm et al., 2011a Palm et al., , 2011b Palm et al., , 2012 . It may be that the supplier-dependent differences emerge later in development or that HPA reactivity and SPB are two contexts in which Harlan and Taconic animals are similar; studies of adult HPA reactivity and social behavior can clarify this matter.
Conclusions
This study is, to our knowledge, the first to map individual HPA reactivity and peak SPB in adolescent male and female offspring subjected to short versus prolonged MS. Prepubescent, adolescent females did not differ in HPA reactivity or SPB dependent on rearing condition. In contrast, male offspring displayed rearing-dependent changes in both tests. The study adds information on sex-dependent effects following MS where female offspring consistently, independent of age and parameter, display resilience to the negative effects of prolonged MS.
The rearing-dependent changes in male offspring, especially the effect on basal and recovery corticosterone levels in the HPA reactivity test, provide early detectable signs of the systemic impact of prolonged MS. The results herein add to previous knowledge about effects of MS in adulthood by emphasizing the developmental aspects of these traits after early-life adversity, however the mechanisms behind these changes need further investigation.
